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Abstract 


Satellited in geos^chronouS orbit have been experiencing operational anomalies 
These anomalies are believed to be due to the environment charging the spacecraft 
Surfaces to a point where discharges occur. In designing future Satellites for long 
term 0|>eratlon at geosynchronous altitude, it is important that designers have a 
specification that will give the total time per year, the particle flux density and 
particle energies that their satellites can be expected to encounter in these sub- 
storm environmental conditions. The limited data currently available ott the 
environmental conditions has been used to generate the provisional Specification 
given In this report. 


1. IMROniCTION 


Satellites in geosynchronous orbit have been exhibiting anomalous behavior, 
particularly during the local duSk to dawrt portion of their orbit. ^ it IS now believed 
that these anomalies are due to the noise generated by the discharges from the 
differential electrostatic charging of the various spacecraft surfaces to kilovolt 
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2. Ot;HI\ \TlON OP TIIK SPEdPlf MlON 

Th6 tAfofmatioit ot the geoMagiietift subatdrtn eiivlrontheht at fiyiichirohoUd 
altitude Is based on data froin the ATS>5 and ATS«6 Aut*oral PaHlcles Experiments. 
Considerable data exists Oh particle ^lux as a function of energy both In <iulet times 
and In substOrms; however, data on substorm particle energy and current ^ux 
variations over the local dusk to dawn <)uadranl8 IS scarce. This latter type of 
data Is necessary In Order to derive a specification for the time history of particle 
energy and flux per year of mission life. 

The available data include: a Survey of the substorm environment for a three 
month.period of 1970;^^ time histories of two substorms obtained as a result of 
this survey; and data On the level of charging of ATS*B spacecraft grounds during 
the fall 1974 eclipse season. These data are shown in Table 1 and Figures 
1-3 respectively, and form the basis f^'r the present specification for the sub- 
storm environment. 

Table 1. Summary of ATS- 5 Measurements of Charged Particle Environment .. 


plot of 2 JAN 1910 substorm 
E lectrons 

Currents up to 0. 85 mA/cm^ for « 30 min 
Average Current 0. 5 mA / cm^ for > 8 he 
Peak Temperature of 12-13 kV for « 45 min 
Average Temperature of “^6 kV for * 8 hr 

Protons 

Currents up to 13 pA/cm^ 

Average Current t pA / cm^ 

Peak Temperatures of 16-20 kV for s* 30 min 
Average Temperature of 12 kV 

OTHER SUBSTORMS 

Electrons 

Currents observed up to 2 nA/cm^, Typical 0. 1 to 0. 2 
Possible; 8 nA/cm^ Maximum (Noisy Data) for 5-10 mlrt 
Temperatures up to 20-30 keV 
Typical Temperature 2-6 keV 





LOCAL tIME 


Figure 1. EiiVironmental Conditions Frohi 
2 Jailunry 1&70 Substorm 



Figure 2. T^iidpereture arid Current i’rotileS for 27 March 19t0 Sub 
etbrtn (Rbseri^) 



Figures. ATS -6 Spacecraft Charging Data. Fall 
eclipse period. 1974 (Bartletti^) 


A study of Table l and Figures l - 3 tttentiOned above indicates a number Of 
factors Which must oe Considered in developing the specification. FtfSt. particle 
energies are not constant over the SubstOrm period; they fluctuate throughout. 
Second, there is a. large variation in substorm intensity; the average particle 
energies are higher in Some substorms thah m others. This is shown by the vari- 
ation in the level of charging of the spacecraft grounds in Figute 3. Third, the 
electron current density iS low when the average electron energy is high, and 
conversely (Figures 1 and 2). Finally, the relationship between proton and electron 
average energies and current densities is reasonably linear. Fot the purposes of 
this specification, it is assumed that the average proton energy is Wlce the aver- 
age electron energy, and that the proton current density is about l/50 of the 
electron current density. These assumptions are based on Figures I and 2. 

The temporal specification deduced from these limited data and the considera- 
tions noted above iS Shown in Figure 4. A more detailed dlSCuSSiOrt of the deriva- 
tion of the specification IS given in the following paragraphs. 


2. 1 Tdlal Hr 'Veaf in Subsiarm 

It is necessary to specify particle energy aftd current density aS functions Of 
time In a substorm environment per year of mission life. The first task ts 
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Figure 4. Provisional Specification for Satellite 
Time in a Geomagnetic Stibstorm Environment 


therefore to determine the average number of hours /year that a synchronous 
spacecraft will spend in a substorm environment. 

According to a Simplified evaluation of the occurrence of substorms,^ sub- 
Storm activity occupies about 30 percent of ttie time during any given year. For 
purposes of this Specification, it is assumed that a satellite can find itself in a 
changing environment during the local dusk to dawn portion of its orbit. Based on 
these assumptions, a satellite can be in a substorm environment for a total of 
1314 hr/year. This number is denoted by (hours per year in Substorm). 


2.2 Panicle Energy 

Two further factors afe required to obtain a specification for particle energy 
as a fl'.nction.of time. First, it is necessary to- determine a "time variation factor' 
indicating the fraction of time in any one Substorm that the particles can be at or 
above various energy levels. This factor depends on the particle energy of 
interest and is herein denoted by ft<£). the second required factor is a "substorm 
Intensity factor" indicating the proportions of Severe, moderate, and mild sub- 
storms expected to Occur iii a year. This factor is also related to the energy level 
Of interest fvia ^e aT 3-6 ground potential data) and is herein denoted by fg\£). 

In order to determine ft<£). it is necessary to characterise the variation of 
particle energies during a substorm. For hits purpose, the 2 January ld70 sub- 
Storm (Figure 1) is taken ai the model of a severe substorm in terms of energy 
fluctuations. Gats from this substorm are used to define the fractions of the total 
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substoJ^tn tlftife (10 ht) dulling whieH th^ av^irag© ©b^rgy of the charged jiartlcle 
population attained Or exceeded specified values. The rrtodel for the rhoderate sub** 
eubstOrit) is assumed to be the dame ae the Severe but with the average energy 
ecale cut In half. The mild eubstorm model is assumed to be the same as the 
moderate aubatorm model but with the energy scale again halved. 

The "subStOrm Intensity factor" f^(E) is obtained from the measurements of 
the ATS- 6 spacecraft ground potential during the 19t4 eclipse period (Figure 3). 

It is assumed that when the ATS-b spacecraft ground had been biased to a voltage 
level of between -fi kV and -12 kV, the satellite had encountered a severe subStorm. 
When the ATS-6 ground had been biased to values between -3 kV and f? kV, it is 
assumed that the Satellite encountered a moderate subStorm. An encounter with 
a mild subScorm iS assumed to have occurred when the ATS- 6 ground had be.en 
biased to values between 0 and -3 kV. The intensity factor is determined by the 
ratio of the number of days that the Spacecraft ground voltage reached these volt- 
age ranges to the total number of days that the Satellite experienced a substorm 
during this eclipse period. Therefore, the intensity factor takes on 3 values: 

0. 33 for Severe subStorms (10 days out of 30), 0. 27 for moderate subStorms 
(3 days out of 30), ahd 0. 4 for a mild SubStorm (12 days out of 30). It is assumed 
that this ratio remains constant throughout the year. 

The Specification for the average electron energy as a function of time 
(Figure 4) is then obtained by determining H(E), that is, hr ''year in a SubStorm 
environment of average electron energy > E, from the 

Values of these termaior selected average energies are given in Table 2. 


Table 2. Factors Used In Deriving Specification 


Electron temp. 
(KeV) 

Category of Storm 

M(E) 

(hours) 

Severe 

Moderate 

Mild 


fj(fi) fg(E) 

£g(£) 

f^(E) t^tE) 


12 

0. 02 5 0. 

33 
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10 
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0.025 0.27 
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. 8 
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1.0 \ 
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.8 

0. 2 0. 4 

823 


741 




The specification for ion energy versus time in the subetorm environment Ife 
etrtiply that the average ion energy is appro)ii4Tiately twice the average electron 
energy aa was discussed above. It is recognized that catagorizlng the subStorms 
in the manner outlined above is arbitrary. As more information on the substorm 
environment becomes available, the assumptions which haVe been used can be 
improved. 


2.3 ParUde Cut¥«iU Den«44y 

The Specification fOr the electron current density in Figure 4 is again based on 
data from the 2 January 1970 substorm as the model substorm. These data indicate 
that the current density is 0. 5 nA/cm^ at the high average electron energies, and 
that as the average electron energy decreases, the current density increases 
monotonically to 2 nA/cm^ in approximate inverse proportion to the average energy. 
The current density Specification is devised based on this information plus the pre- 
viously derived energy specification. Again, the ion specification is simply Stated 
based on the earlier observation that the ion current density is about 1^50 of the 
electron current density. 

2.1 Field Aligned Fluxes 

It Should be noted that throughout the development of this specification, iSo- 
tropy of the environment has been assumed. Recent data indicate that field aligned 
fluxes Sre in fact present, and that particle fluxes aligned with the magnetic field 
lines are bonsiderably larger at certain energy levels than the fluxes at large pitch 
angles. Nn attempt has been made to incorpSrate such anisotropies into the present 
Specification. 


3. DISCISSION 

The Specificatloh presented in Figure 4 shows that for a large fraction of time, 
the Satellite will encounter only mild subStorms. Computations of Surface behavior 
of the normal spacecraft materials in this environment show that the resulting sur- 
face potential irt such subetorms is not high enough to cause dischargee. This may 
explain the apparent randomness of the observed spacecraft anomalies, which do 
not always occur when substorme are detected at a ground station. 

The specification ca.i be used in Conjunction V'lth a ground test program to 
determine the behavior of att insulator surface prot>osed for a satellite. By simu- 
lating the substorm parameters, tha test surface cah be subjected to the specifica- 
tion profile to determine the surface charging characteristics for a given mission 
life. The discharge threshold will also be determined along with the material 
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degradation and transients associated with the discharges. This information can 
then be used In designing the satellite systems to accommodate the surface behavior 
Hence, the sbeciflcatlon is used as an engineering tool to aid in system designs 

4. coxci.i dim; kkuarks 


The Specification presented herein Is based on a very limited amount of data, 
and many assumptions. No margins or variances have been included in this speci- 
fication simply because the data are insufficient to allow reasonable calculations 
of such parameters. For these reasons, the present specification has been 
denoted as a provisional Specification; it is e^tpected that refinements will be made 
as more data become availaole. 

Despite the preliminary nature of this Specification, it is felt that it provides 
a useful engineering tool which cart be used to provide a guideline for ground test 
procedures to estimate the effects of substorm activity on a spacecraft during a 
specified mission life. 


Refjerences 


1. ..McPherson. D.A., Cauffman, D. P. , and Schober. W. (1975) Spacecraft 
Charging at High Altitudes - The Scatha Satellite Program, - 


2 . DeForest. S. E. . and Mcllwain. C. E. (1971) Plasma clouds in the magneto- 

sphere. J. Geophys. Pes. 76 (No. 16):3587-3611. 

3. DeForest. S. E. (1972) Spacecraft charging at Synchronous Orbit, J.GeophyS. 

Res. 77(N0. 4);651*.659. 

4. RoSen. A. Spacecraft Charging: Environment Induced Anomalies, AIAA 

Paper 75^9T 

5. Stevens. N.J. , Lovell, R.R.. and Gore, V. (1975) Spacecraft charging 

investigation for the CTS project. Presented at the Conf. on Spacecraft 
Charging by Magnetospheric Plasma's ';' Amer. GeoDKvs. Union. 

Spring nJeetlng. WaSrtlrigtbn. D. C, (also NASA TM X-7l7fe5). 

6. Sellen, J. M. , Jr. Spacecraft materials response to geosynchronous substorm 

conditions. Presented at the Cpnf. on Spacecraft Charging. by Ma gneto- 
s pheric HasmaS. Amer. Geopnvs. Union. Annual sprrng Meeting. 
Washington, D. C. 

7. Adams, R. C. , and Nanevics, J.E. (1975) spacecraft charging Studies of 

voltage breakdown processes oh spacecraft thermal control mirrors. 
Presented at the ^Onf. on spacecraft Charging by &1agnetOSPheric PlasmaSi 
Amer. Geophys. t)nion. Annual t>pring Meeting, Wasnington, Hi. c. 




6. Balmalrt, K.G. , Orezag, M. , and Kfernfrr, P. (1 S'? 5) Sur^ace discharges on 
sisaeecraft dielectrics in a Scanning electron microscope, Prosente -a at the 
Copf. on Soa oecraft Charging by, Maenetoepherio Plasmas, Amer. Geophys. 
tJftlon, Annual Spring Meeting, Washington, b. 

g, Fogdall, L. B. et al (l9l5) Combined environmental effects on polymers, 

Proc. of 8th Coiif. on Solar Simulation . NASA SP-3'?9, pp. 259-5R0. 

10. InoUye, G. T. fl9t5) Spacecraft Charging Model, AIAA Paper 15-225. 

11. Bartlett, R.O. , DeForest, S. £., andGoldsti lrt, R. (1975) Spacecraft Charg- 

ing Control Demonstration at Geosynchronous Altitude , AIAA Paper 75-359. 

12. Mcllwaln, C. E. (1975) Auroral electron beams near the magnetic et)Uator, 

Presented at the Nobel Symp. , Klruna, Sweden. 


